High magnetic field transport measurement of charge-ordered Pr 0.5 Ca 0.5 MnO 3 strained thin films. 
transport measurements over a wide temperature range for two types of samples where any effect was seen up to 9T : a 25nm film grown on SrT iO 3 (STO) and a 250nm film deposited on LaAlO 3 (LAO) 13, 14 . Based on these results, we have determined the dependence of the critical magnetic field as a function of temperature and as a function of the film thickness and compared it to what is observed in the bulk compound. Finally, we have correlated this mechanism with the structural properties of the thin films.
Thin films of PCMO were grown in-situ using the pulsed laser deposition technique on (100)-LaAlO 3 (pseudocubic with a = 0.3788nm) and (100)-SrTiO 3 (cubic with a = 0.3905nm) substrates. Detailed optimization of the growth procedure was completed and described previously 13, 14 . The structural study was carried out by X-Ray diffraction (XRD) using a Seifert XRD 3000P at room temperature (Cu Kα, λ = 0.15406nm). Resistivity (ρ)
was measured by a four-probe method as a function of the magnetic field (H) up to 22T , for various temperature (T ) in the range 4 − 300K. The speed of the field used, in ramping up and down, was 25mT /sec (we also measured the PCMO film on STO with a speed of 55mT /s and 85mT /s but no changes were observed). The composition of the films was checked by energy-dispersive spectroscopy analyses. It is homogenous and corresponds exactly to the composition of the target (i.e.P r 0.5±0.02 Ca 0.5±0.02 Mn) in the limit of the accuracy. Fig.1 shows a typical θ − 2θ scan recorded for a film of 25nm film on STO (Fig.1a ) and 250nm film on LAO (Fig.1b) due to the different orientation of the film with respect to the substrate. The evolution of the critical magnetic field as a function of this misfit, at room temperature, is presented Fig.3a . At T = 300K, there is no clear correlation between these two parameters. In particular, the value of H C tends, for the highest thicknesses of the films on STO substrates, to a value which is completely different from that of the bulk material. We have already discussed in previous papers the possible explanation in terms of changes of the composition or in the oxygen content: this explanation was ruled out completely by the fact that the structural parameters relaxes to the bulk value when the film is removed from the substrate by scratching 13 . In particular the modulation vector 19 , q, of the CO/OO state which is 0.48 in the bulk stoichiometric sample is only 0.38 in one of the film on LAO substrates. After scratching (i.e. when the film is substrate-free), it comes back to the bulk value of 0.48
13
indicating that the value of 0.38 is only a result of the substrate-induced strains.
The interpretation that we propose is that, when the film remains epitaxial on the substrate, the CO state cannot fully develop because it is impossible to accommodate the quite large change in the structural parameters occurring below T CO in the bulk 20 . For example, in the bulk PCMO, the [101] lattice parameter (which should be compared to the in-plane parameter on STO) is going from 0.382nm to 0.386nm in the CO state. Since the low temperature ED study has shown that the film remains epitaxial below the CO transition, the in-plane lattice parameter of the film cannot reach 0.386nm and remains close to the substrate value (0.390nm) for the thinner film.
For the thicker films, at the synthesis temperature, the in-plane lattice parameters relax The overall images of the film (Fig.4b) show alternating broad dark and bright bands perpendicular to the substrate plane, which are characteristic of strain effects (and associated to the relaxation mode). The evolution of the a, b and c parameters throughout the films, was determined by measuring directly on the HREM images, taking those of the substrate as references 23 . It shows that, concomitantly and continuously, a (and c, since a = c) increases whereas b decreases when going away from the interface. This evolution is made at roughly constant cell volume (in the limit of accuracy of the measurements). Large areas of the film were carefully investigated. No dislocation has been detected, whatever the film zone,
ruling out definitely such a structural mechanism for explaining the relaxation. The detailed examination (reported elsewhere) allows a mechanism of smooth variation to be proposed.
The images indeed show very local variations of the contrast. They appear as point like defects and waving atomic rows, associated to ion displacements and local distortions of the octahedra. This is exemplified in film areas very close to the interface (circled in Fig. 4c );
the effect is clearly visible by viewing at grazing incidence. These phenomena are observed in the whole film and generate a tiny mosaicity of the film, responsible of the stripe-like contrast in the images (Fig.4b ).
In conclusion, the electron microscopy study showed that the film exhibits the same GdFeO 3 -type structure (orthorhombic-P nma space group) as the corresponding bulk material but with different lattice parameters and, consequently, different inter-atomic distances and inter-bond angles (in particular Mn-O distances and Mn-O-Mn angles). This effect is moreover accentuated by the strain effects, which are directly correlated to the in-plane misfit.
One would thus expect that the effect of the in-plane mismatch is more crucial below the CO temperature than at room temperature. Thus, we did the calculations of the mismatch at 120K, a temperature below T CO . For this, we consider that the in-plane parameters of the films have a tiny variation under cooling when going from 300K to 120K since the lattice parameters of the substrate is almost constant 24 . The resulting graph, calculated for STO substrates, is presented in Fig.3b . When the misfit is equal to zero (corresponding to the bulk value), the critical field is around 20T 16 . It appears to be a maximum since a value of −0.5 (corresponding to a 110nm film) leads to a H C of 5T whereas a value of +0.5
(corresponding to a 25nm film) gives a H C of 17T . We also add in this graph the datas of Resistance (Ω)
